This article reports a dataset on the thermodynamic and elastic properties of two important raw minerals exploited in georesources and ore mining. The presented data refers to two zinc sulphide polymorphs, namely zinc-blende (low-pressure polymorph, space group F4 À 3m) and rock-salt (high-pressure polymorph, space group Fm3 . The data here reported were calculated from ab initio quantum mechanical simulations at the DFT/B3LYP level, all-electron Gaussian-type orbitals basis sets and from the analysis of the phonon properties of the zinc sulphide polymorphs and of type-A CAp by means of the quasiharmonic approximation. In addition, a correction to take into account the effects of dispersive forces was considered to obtain the dataset of type-A carbonated apatite. This dataset, which was validated against experimental thermodynamic data reported in literature, has been employed to construct the phase diagram between the two zinc sulphide polymorphs and discuss their stability over the temperature and pressure range 0e800 K and 0 e25 GPa. The thermodynamic and thermoelastic data of CAp were obtained between 0 and 600 K and 0e3 GPa, below the temperature of thermal decomposition of the mineral. The reported data can be of use in several application fields, for instance fundamental georesource exploration and exploitation, and also in applied mineralogy, geology, material science, and as a reference to assess the quality of other theoretical approaches. Furthermore, the data
of type-A carbonated apatite could be useful for designing and processing new biomaterials with tailored properties.
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Specifications Table   Subject Material Science Specific subject area Thermodynamics and thermoelastic of georesouces raw minerals Type of data Table  Graph  Figure  How data were acquired Quantum mechanical simulations at the DFT/B3LYP level of theory, using the quasiharmonic approximation (CRYSTAL17 code) Data format Raw Analyzed Parameters for data collection
The temperature and pressure range used in the quasi-harmonic approximation for the calculation of the thermodynamic and thermoelastic data were 0e800 K (step of 1 K) and 0e25 GPa (step of 1 GPa) for zinc sulphides and were 0e600 K (step of 1 K) and 0e3 GPa (step of 1 GPa) for type-A carbonated apatite Description of data collection
The data were obtained from quantum mechanical simulations conducted using Density Functional Theory, B3LYP functional and Gaussian-type orbitals basis sets. A correction for the dispersive forces based on the DFT-D2 method was also employed (B3LYP-D* scheme) for type-A carbonated apatite. This dataset provides also fundamental insights on the zinc-blende and rock-salt ZnS phases, which could be employed, for example, to devise pressure/temperature sensors. In addition, being zinc sulphide an ore mineral, this dataset could be employed for development of ore mineral processing techniques. Carbonated (hydroxyl)apatite is a key biomaterial for bone reconstruction and repair, and the provided data can drive future researches and developments in the biomaterial field.
Data description

Zinc sulphide polymorphs: zinc-blende and rock-salt ZnS
Zinc-blende (zb, also known as sphalerite from the mineralogical point of view) and rock-salt ZnS (rs) are two polymorphs of zinc sulphide, belonging to the space group F43m and Fm3m, respectively. zb-ZnS is stable at low pressure and temperatures, representing the main source of zinc from ore smelting, whereas rs-ZnS is found at high pressures. Sphalerite is found in several locations worldwide, such as Germany, Romania, Canada, USA and Mexico. To realize the present dataset, both polymorphs were optimized at equilibrium conditions and under the effect of hydrostatic expansion/compression at T ¼ 0 K, starting from the experimental structures determined by Skinner [3] . The unit cell geometry optimization results for both zinc-blende and rock-salt polymorphs of zinc sulphide are reported in Table 1 [1], whereas Fig. 1 shows a graphical representation of the unit cell energy vs volume curves fitted by a volume-integrated 3rd-order Birch-Murnaghan equation of state.
The thermodynamics and thermomechanics of both zb-ZnS and rs-ZnS were calculated from the phonon properties of the mineral phases between 0 and 800 K. The effect of pressure was evaluated from 0 GPa to 20 GPa for zinc-blende, whereas for the rock-salt polymorph, which presents phonon instability at low pressure [1] , the properties were calculated in the pressure range 12e25 GPa. The results are reported in Tables S1eS22 in the Supplementary Material for both zb-ZnS (Tables S1eS11) and rs-ZnS (Tables S12eS22), subdivided as follows:
primitive unit cell volume (Tables S1 and S12) ; isothermal bulk modulus, K T (Tables S2 and S13) ; adiabatic bulk modulus, K S (Tables S3 and S14); coefficient of thermal expansion (CTE), a V (Tables S4 and S15); isochoric heat capacity, C V (Tables S5 and S16) ; isobaric heat capacity, C P (Tables S6 and S17) ; entropy, S (Tables S7 and S18) ; absolute enthalpy, H (Tables S8 and S19) ; absolute Helmholtz free energy, F (Tables S9 and S20) ; absolute Gibbs free energy, G (Tables S10 and S21) ; absolute internal energy, U (Tables S11 and S22 ).
The obtained reported data can be employed, for instance, to create bidimensional plots of the desired thermodynamic and thermoelastic properties and to compare them to other theoretical or experimental results. Fig. 2 reports an example of this application. Table 1 Primitive unit cell volume (V pc ) and static energy (E pc ), Crystallographic unit cell volume (V cc ) and lattice parameter (a pc ) resulting from the geometry optimization results of zinc-blende and rock-salt ZnS polymorphs. Underlined values are related to the equilibrium geometry.
Zinc-blende ZnS
Rock-salt ZnS 
Type-A carbonated apatite
Type-A carbonated apatite [Ca 10 (PO 4 ) 6 CO 3 , space group P1] belongs to the calcium apatite mineralogical family, which is used for several applications, such as production of fertilizers, gemstone cutting and as source of rare-Earth elements through ore smelting. Carbonated apatite is also an important mineral in the biomaterials field. Apatite minerals are commonly found in Canada, Brazil, USA and Mexico. Fig. 1 . Primitive unit-cell volume vs energy data (reported as DE ¼ E e E eq , with E eq equal to the energy of the unit cell at equilibrium volume) of (a) zinc-blende and (b) rock-salt ZnS. The box reports the parameters obtained from fitting the data with a volumeintegrated 3rd-order Birch-Murnaghan equation of state. The thermodynamic and thermoelastic data here provided were calculated from the structural and vibrational properties of seven unit cell volumes in the temperature range 0e600 K (step of 1 K), below the temperature of thermal decomposition of the mineral phase [4] , and between 0 GPa and 3 GPa (step of 0.5 GPa). The equilibrium geometry was theoretically determined in a previous work [5] , where the experimental results of Fleet and Liu [6] were employed to model the type-A carbonated apatite. The results are reported in Tables S23eS33 in the Supplementary Material whose content is here  summarized: unit cell volume (Table S23) ; isothermal bulk modulus, K T (Table S24) ; adiabatic bulk modulus, K S (Table S25) ; coefficient of thermal expansion (CTE), a V (Table S26) ; isochoric heat capacity, C V (Table S27) ; isobaric heat capacity, C P (Table S28) ; entropy, S (Table S29) ; absolute enthalpy, H (Table S30) ; absolute Helmholtz free energy, F (Table S31) ; absolute Gibbs free energy, G (Table S32) ; absolute internal energy, U (Table S33 ).
Experimental design, materials, and methods
The data here presented was obtained by first principle simulations on periodic systems, using the CRYSTAL17 code [7] , which implements the HartreeeFock and KohneSham self-consistent field method.
Multielectron wave functions are constructed as an antisymmetrized product (Slater determinant) of monoelectronic crystalline orbitals (CO) that are linear combination of local functions (atomic orbitals, AO) centred on each atom in the system. In turn, atomic orbitals (basis set) are linear combinations of Gaussian-type functions (GTF). The all-electron basis sets employed for both Zn 2þ and S
2À
were described by the double-z basis set with polarization functions designed by Peintinger-BredowOliveira (POB) [8] . For type-A CAp, it was the same basis sets adopted in previous works on OHAp and type A CAp [2, 5] . Calcium has been described with a 86-511G(2d), with outer shell exponents The hybrid B3LYP functional [9, 10] , which is well-known for its ability to produce high quality of crystal-chemical, vibrational/thermodynamic and elastic results [11, 12] , has been adopted for all calculations. Only in the case of type-A carbonated apatite, the DFT-D2 correction scheme was included in its recently adjusted form for B3LYP (B3LYP-D* approach) to take into account the effect of dispersive forces on both structural and thermodynamic properties [13] . The exchangeecorrelation contribution is performed over a grid of points and is the result of a numerical integration of the electron density and its gradient. The adopted pruned grid is given by 75 points and 974 angular points (XLGRID) and obtained from The GausseLegendre quadrature and Lebedev schemes. The tolerance thresholds that control accuracy of the Coulomb and exchange integrals were set to 10 À7 and 10 À16 , respectively [7] .
The Hamiltonian matrix has been diagonalized using a Monkhorst grid of k-points of size 8 Â 8 Â 8 for both zinc-blende and rock-salt polymorphs. The convergence on total energy was reached when the difference between the energy of two subsequent self-consistent field cycles was less than 10 À8 Hartree during geometry optimization and less than 10 À10 Hartree during phonon calculations.
The compressional behaviour of zinc sulphide and type-A carbonated apatite has been investigated carrying out a symmetry-preserving relaxation procedure by exploring ten volumes between 0.82ÂV eq and 1.12ÂV eq (step of 0.03ÂV init ) for both zinc-blende and rock-salt ZnS, whereas for type-A Cap seven unit cell volumes were considered between 0.92ÂV eq and 1.08ÂV eq , with a step of 0.04ÂV eq under compression (two unit cell volumes) and 0.02 ÂV eq under expansion (four unit cell volumes). Here, V init represents the volume of the unit cell of each mineral (zinc-blende, rock-salt ZnS, CAp) at equilibrium conditions. Each model was then geometrically optimized.
At each unit cell compressive state, the energy vs volume data, E(V) curve, was fitted with a volumeintegrated 3rd-order Birch-Murnaghan equation of state (EoS) formulation [14] :
where V 0 is the unit cell volume at 0 GPa, E 0 its energy, K 0 the bulk modulus and K 0 the pressure first derivative of the bulk modulus. The obtained parameters were employed in the well-known PeV formulation of the Birch-Murnaghan EoS to calculate the pressure state of the system:
Thermodynamic and thermomechanics properties of each mineral phase were obtained from lattice dynamics results by means of the quasi-harmonic approximation (QHA) approach as described by Erba and co-workers [15] . Lattice dynamics was calculated on 4 Â 4 Â 4 supercells in the case of zinc sulphide polymorphs [1] , whereas only G-point frequencies were considered for type-A carbonated apatite [2] .
